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(B #9(Purpose)]

Dosimetric commissioning of treatment planning systems (TPS) focuses on validating the agreement of the physical dose with
experimental data. For carbon-ion radiotherapy, the commissioning of the relative biological effectiveness (RBE) is necessary to
predict the clinical outcome based on the radiation quality of the mixed radiation field. In this study, we proposed a approach for
RBE commissioning using Monte Carlo (MC) simulations, which was further strengthen by RBE validation based on linear
energy transfer (LET) measurements. '

(J7 72 & N R AE(Methods/Results) )

First, we tuned the MC simulation based on the results of dosimetric experiments including the beam ranges, beam sizes, and
MU calibrations. Furthermore, we compared simulated results to measured depth- and radial-LET distributions of the 430 MeV/u
carbon-ion spot beam with a 1.5 mm?, 36-pum-thick silicon detector. The measured dose-averaged LET (LETq) and RBE were
compared with the simulated results. The RBE was calculated based on the mixed beam model with linear-quadratic parameters
depending on the LET. Finalily, TPS-calculated clinical dose profiles were validated through the tuned MC-based calculations.

A 10 keV/um and 0.15 agreement for LET4 and RBE, respectively, were found between simulation and measurement results
obtained for a 2-c lateral size of 430 MeV/u carbon-ion spot beam in water. These results suggested that the tuned MC simulation
can be used with acceptable precision for the RBE and LET calculations of carbon-ion spot beam within the clinical energy range.
For physical and clinical doses, the TPS- and MC-based calculations showed good agreements within +1.0% at the centre of the
spread-out Bragg peaks.

(# #&(Conclusion)]

The tuned MC simulation can accurately reproduce the actual carbon-ion beams, and it can be used to validate the physical and
clinical dose distributions calculated by TPS. Moreover, the MC simulation can be used for dosimetric commissioning, including

clinical doses, without LET measurements.
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